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Low birth weight remains an important public health problem in the U.S.  Most
research on low birth weight focuses on individual-level determinants of low birth weight
such as health behaviors or use of prenatal care.  We sought to determine how characteristics
of residential neighborhood influenced low birth weight.  We first present a theoretically
based framework that describes the mechanisms by which neighborhoods can lead to adverse
health outcomes.  Our research question centered on whether neighborhood economic,
physical and political characteristics directly and indirectly influenced the risk of low birth
weight and whether neighborhood factors moderated the relation between individual-level
risk factors and low birth weight.  We used methods of multi-level statistical modelling to
investigate our research question.  Direct neighborhood level determinants of low birth weight
included high crime (OR=2.49), low wealth (OR=5.50) and low level of political organization
(2.54).  Interactions and confounding between individual- and neighborhood-level
characteristics were observed.  When multi-level models accounted for neighborhood levels
of wealth, the two-fold gap between African-American and White births was no longer
significant.  Methods of multi-level modelling facilitated testing of a model emphasizing
environmental and social factors in determining poor health outcome.  The application of such
models also resulted in a better explanatory model for low birth weight. 
High rates of low birth weight births remain an important public health problem in the
U.S., especially among impoverished communities.  Most research on low birth weight,
however, focuses on individual-level determinants of low birth weight such as maternal
education, health behaviors including smoking during pregnancy, and quantity and quality of
clinical care (1).  Increasingly, public health researchers are recognizing that models of
disease etiology that focus exclusively on individual characteristics (e.g., demographic,
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biologic or personality factors) are insufficient for explaining the complex set of factors that
contribute to poor health (2, 3).  For example, health behaviors and health outcomes of
individuals are influenced by workplace and residential environments (2, 4-14).  
Studies on the influence of neighborhood residence on health outcomes often analyze
individual- and community-level characteristics separately (15, 16).  This has, in part, been
due to (1) a lack of available data on the contexts of study subjects, (2) lack of easily
accessible statistical methods and software for the analyses of complex multi-level data (17-
20), and (3) lack of appropriate theory that explicitly acknowledges the mechanisms by which
contexts are related to health outcomes (17, 19, 22-24). 
We undertook the current study to contribute to theoretical development of
neighborhood effects on health.  In particular, we sought to build a conceptual framework
describing the mechanisms by which residential characteristics influence health outcomes and
low birth weight.  We also were interested in answering two research questions concerning
the relation between residential neighborhood risk of low birth weight. 
(1) Do neighborhood economic, physical and political characteristics directly and
indirectly influence the risk of low birth weight?  
(2)  Do neighborhood economic, physical and political characteristics moderate the
relation between individual-level risk factors and low birth weight (LBW)? 
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Theoretical considerations and conceptual framework.
Neighborhoods have physical, social, economic, and political features that may
influence health behaviors and outcomes.  To understand how neighborhood of residence
might affect adverse pregnancy outcomes such as low birth weight we must begin to
understand the mechanisms by which context can potentially influences individual behaviors
and outcomes.  We present in Figure 1 a conceptual framework for the study of residential
neighborhood influence on low birth weight.  This framework has three levels of influence--
individual, neighborhood, and national/international.  All three levels are appropriate targets
for public health research, interventions and policy formulation. 
The first level of influence is the individual.  There have been numerous studies
looking at the relation between demographic characteristics (e.g., adolescent pregnancy),
social class, medical or biological characteristics (e.g., presence of medical complications
such as diabetes), health behaviors (e.g., smoking, alcohol consumption, drug use, and
prenatal care utilization) and low birth weight (1, 25, 26).  Most studies of low birth weight
stay within this level of analysis.  So for example, risk factors shown to increase the risk of
low birth weight include initiating prenatal care late in pregnancy (27), maternal smoking or
exposure to passive smoking (26, 28), low-income (29), and presence of medical
complications during pregnancy (30).
The second level of influence is the neighborhood level.  Our conceptual framework
suggests that several features of residential neighborhood potentially affect the risk of low
birth weight. Broadly, these features can be grouped into the physical environment (e.g.,
presence and quality of parks or conditions of structures and housing), social norms and
culture (e.g., belief systems or cultural norms such as preferences regarding infant size or
beliefs regarding how to have a healthy pregnancy), and the political and economic structure
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(e.g., whether communities are organized, voting participation, or presence of businesses). 
Neighborhood characteristics such as housing type, age, and quality might have direct effects
on LBW (e.g., via lead exposures) or might be indirect via their influence on individual level
risk for LBW (e.g., women may be less likely to seek care if services such as public
transportation are limited in their neighborhoods).  In our study, we have information on the
physical, political and economic structure of the residential neighborhoods of our study
participants (see double lined boxes in Figure 1).   
There are several theoretical perspectives that are relevant to gain an understanding of
how neighborhood factors confer or protect from the risk of LBW (31-33).  Deprivation, both
economic and social, is one such theory (34-38).  Individuals who are socially or
economically deprived lack access to necessary goods and services.  There are several ways
of measuring deprivation and in our study we focus mainly on indicators of economic
deprivation (see Table 1).  
Table 1. Mechanisms by which neighborhood factors are lead to or protect from LBW. 
Mechanisms Study variables





Per capita crime rate
No. of neighborhood organizations
Urban Press Housing violations
Vacant housing
Household crowding
Rates of aggravated crime
Per capita crime rate
Political Organization No. of neighborhood organizations
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Theories of stress are also relevant for understanding how neighborhood features
affect LBW (39).  Stress is the generalized response of an organism to noxious or threatening
conditions, more generally referred to as stressors (40).  Research in the area of environmental
stress indicates that stressors are created by and differentially distributed within and between
neighborhoods in urban settings.  For example, "urban press" is one characteristic of the
urban physical and social environment that is relevant for the study of stress caused by
neighborhood settings.  Urban press is defined as a "flow of stimuli related to the physical,
social, visual, and aural aspects of environments" and serves as a source of stressors (Table 1)
(41-42).  For example, research has shown that residents of neighborhoods with equal
residential density, differing only by the presence of small stores, had different levels of stress
(43).  Residents of city blocks with small stores had higher levels of stress compared to those
neighborhoods without stores.  Commercial establishments bring with them an increase in
visual stimuli, noise, vehicular and pedestrian traffic, and commercially related and non-
related social interactions all of which contribute to an increase in stress levels among
surrounding residents  (43). 
Finally, theories from community psychology are relevant for our framework. 
Community psychologists have explored the ability of communities to identify and formulate
solutions for their most pressing problems (44, 45).  We hypothesize that neighborhoods that
are politically active and organized, for example, through community groups or having high
levels of voting participation, are better able to solve community problems compared to
neighborhoods that are less active and organized.  
Finally, the attributes of neighborhoods that are presented in our framework at level 2
are not inherent traits of communities.  Rather, characteristics of neighborhoods are shaped by
larger national and global social, economic, political, and demographic trends and influences
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(46-48).   Demographers and urban sociologists, for example, note that neighborhoods with
high rates of unemployment or vacant housing are often the consequence of social processes
including: suburbanization of middle- and upper- income residents; deconcentration of
manufacturing, retail and wholesale establishments; corresponding declines in blue-collar and
low-skill jobs in central cities; corresponding rise in movement of industry to other countries;
and less government spending on supporting social programs (e.g., housing) for economically
deprived residents (46, 47, 48).  
It is important to note, especially when studying health issues related to women, that
these larger social processes and trends may have had a greater effect on women than on men. 
Since women are more likely than men to shoulder child rearing and other household
responsibilities in the home, they require jobs that are closer to their places of residence (49). 
Thus, loss of jobs in central cities has a larger effect on women who are less able to follow
businesses that locate in the outer perimeters of cities (49).  
The present study focuses on two levels of influence presented in our conceptual
framework, the neighborhood and the individual.
METHODS
The analysis presented here is part of a larger study looking at indicators of
neighborhood and social risk for poor pregnancy outcome.  As part of this study, we collected
qualitative (i.e., focus group data) and quantitative data (e.g., community surveys and tapped
into routinely available information such as census data) on 29 neighborhoods in Baltimore
City that varied by average social class and racial composition.  We were interested in
exploring the relation of social class and selected neighborhood characteristics to the risk of
adverse pregnancy outcomes and health behaviors.  Maternal and child health studies often
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look at outcomes by race or ethnicity.  Often the assumptions or theories behind the use of the
variables "race" or "ethnicity", and any reported differences, are not explicated.  Numerous
studies document a gap in the rates of adverse pregnancy outcomes (i.e., low birth weight,
infant mortality) for African Americans compared to Whites and that the gap may be
increasing (29, 50-53).  Yet the reasons for race/ethnic differences, or the factors that
race/ethnicity may be serving as a proxy for, are not often stated nor studied.  We, too, are
examining the relation of self-reported race/ethnicity on low birth weight and are interested in
how characteristics of the neighborhood of residence may either help explain the "gap" in low
birth weight or how community factors may modify the relation between race/ethnicity to low
birth weight.  We note, however, that our interpretation and use of race/ethnicity is as a
socially determined characteristic of the women in our study and not a biological one (54). 
That is, any differences in adverse outcomes by race/ethnicity are likely due to differences in
social factors (e.g., levels of wealth, poor housing) for each group.
Source of individual-level data.
Data on individual-level information including low birth weight came from
computerized birth certificates for the years 1992-1994 for 29 neighborhoods in Baltimore
City.  These neighborhoods were chosen to represent a range of social class and racial
composition.  Birth weight is reported on the birth certificate as either grams or pounds and
ounces.  All birth weights were converted to ounces and low birth weight was defined as an
infant weighing less than 5 pounds 8 ounces.  Information on demographic, medical, and
behavioral characteristics of the mother were also obtained from the birth certificate. 
Information on health behaviors such as smoking during pregnancy had was severely
underreported (e.g., a prevalence of 10% among those who reported that information) and had
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to be of use in the current study.  To be eligible for this study women had to have reported a
residence in the address field and no missing data for any of the independent variables at the
individual level: age, level of education, race/ethnicity, medical complications affecting
pregnancy, type of health insurance, trimester of initiation of prenatal care and marital status. 
Of the independent variables that we used, medical complications had the greatest number of
missing values (9%).  However, there were no significant differences between the educational
levels, age, and race category for women with and without missing information on medical
complications.  Three-thousand fifty-nine women were eligible for this study.  Birth
certificate data in Maryland contain information on the  census tract of residence of the
mother.  This information was used to link the neighborhood characteristic data to the
individual-level data (55). 
Sources of neighborhood-level data.  
Data for the economic, physical, and political features of neighborhoods were obtained
from three sources of routinely available data.   Community characteristics may be measured
as aggregated individual-level data (e.g., proportion of female headed households) or as non-
aggregated variables (e.g., numbers of parks, crime rate, businesses, community groups,
housing characteristics) (56).  Information on crime and housing characteristics (violations
and vacancies), and number of community organizations came from data collected by the City
Planning office of the Baltimore City local government.  Unemployment rates were obtained
from the Maryland Department of Economic and Employment Development office.  All other
data on neighborhood characteristics came from Claritas, a commercial source of 1990 census
and other marketing information.  
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Definitions of individual-level independent variables.
 Independent variables were either continuous or dichotomous. Maternal age and
maternal education were a continuous variables.  The variables unmarried, medical
complications, late prenatal care initiation, sex of infant, African-American race, and medical
assistance were coded as "1" for yes and 0 for no.  A "1" for unmarried indicated all women
who were not legally married.  Late prenatal care initiation was coded as "1" if the data on the
birth certificate indicated that the mother sought prenatal care later than the 2nd trimester of
pregnancy or had no prenatal care.  For sex of infant, male sex was represented by a "1".  If
the birth certificate indicated that a woman experienced any medical complications during
pregnancy (e.g., diabetes, hypertension, anemia) this variable was coded as a "1".  Birth
certificates that indicated that the mother was of African-American race/ethnicity were coded
as "1" on the race/ethnicity variable.  Those women whose birth certificate indicated the
source of insurance was medical assistance were coded as "1" on that variable. 
Definitions of neighborhood-level variables.  
Physical conditions. Rates of housing violations and vacancies were created by
calculating the proportion of all housing in a specific census tract that had reported violations
and all housing that were vacant.   For violations, a dichotomous variable was created where
all census tracts with greater than 10% housing violations were coded as a "1" on the housing
violation variable. 
Economic conditions.   Unemployment rates, proportion of households that are
crowded, and rates of aggravated assaults were continuous variables in our analysis. 
Household crowding was the proportion of homes that had greater than 4 persons, a proxy for
households with more than 1 person per room.  Per capita rates of aggravated assault were
created by calculating the numbers of aggravated assaults divided by the total numbers of
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persons for each of the 29 census tracts.  Average wealth which includes information on
ownership and assets (e.g., equity in homes, vehicles, assets, mortgages and other debts and
real estate ownership) was obtained from Claritas.  Wealth is a better assessment than annual
income of economic resources that are available to families.  Moreover, recent national
survey data show that differences in median wealth of black and white families may be far
greater than median income differences (57).  Specifically, the Black/White (B/W) ratio of
median family income was 1.6 ($25,000 to $15,630) while the B/W ratio of median wealth of
those same families was 11.8 ($43,800 to $3,700) (57).  Thus, wealth may more accurately
capture social class differences between African Americans and Whites than other indicators
such as income and education.  We dichotomized average wealth of census tracts into a zero-
one variable with census tracts having a wealth greater than $89,000 being coded as "1".  We
also created a four category variable representing historical poverty for our study
neighborhoods.  We identified census tracts which have been "traditionally poor" (>35%
households continuously in poverty since before 1970), "emerging poor" (>35% households
continuously in poverty since 1970) and "newly poor" (>35% poverty since 1980).  The
>35% criteria similar to that used by previous authors (58, 59).  Overall per capita crime was
dichotomized where census tracts with crime rates $10% were coded as "1" and all others
coded as zero.  Automotive vehicles per household was also dichotomized with census tracts
having an average $0.50 vehicles per household being coded as a 1 and all others being coded
as zero.  
Political characteristics.  The number of community organizations was considered a
continuous variable.
Statistical methods  We first generated descriptive statistics on the individuals in our
study and on the neighborhoods.  We then conducted our multivariate analysis in two stages. 
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We first obtained a logistic regression model for the only the individual-level variables.  We
performed this logistic regression analysis in SPSS -PC for Windows.  Once a "best-fit"
individual-level logistic regression model was obtained we began to assess the importance of
the neighborhood- level factors by performing two-level logistic regression analysis in the
statistical software package Mln (60).  This software package allows for the analysis of any
number of levels of data.  MLn, or a similar package that accommodates multiple levels of
data, had to be used to account for the two sources of random components of the model (see
equations below).   For example, if we are building a simple 2-level model with the
independent variables maternal age, maternal education, and average neighborhood wealth
the level-1 and level-2 models would be written as:
(level-1) logit LBW  = $  + $  Maternal age + $ Maternal Education + ri o 1 2 i
(level-2 intercept) [$ ]= 0  + 0 Wealth + u0 00 01 oj
(level-2 age) [$ ]= 0  + 0 Wealth + u1 10 11 1j
(level-2 education) [$ ]= 0  + 0 Wealth + u2 20 21 2j
Mln actually estimates all the ß's and the 0's simultaneously.  The separate models above
would be fit in MLn as the following:
logit LBW  = 0  + 0 Wealth + 0 (Age) + 0 Wealth(Age) + 0 (Education) +ij 00 01 10 11 20
0 Wealth(Education) +r  + u  + u  + u21 ij 0j 1j 2j
In the equations above, r , u , u , and u  are the random components of the model.  Use ofij 0j 1j 2j
MLn, or a method that allows for the multiple random components, is necessary for multi-
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level models.  Using MLn we were able to assess not only the direct effects of the
neighborhood-level factors but also the moderating effects of the neighborhood factors on the
individual-level variables.   0 Wealth in the equations above represents the direct effect of01
wealth on low birth weight.   0 Wealth(Education) above represents the moderating effect of21
wealth on the relation between maternal education and low birth weight.  For example, we
could determine whether the protective effect of increased maternal education was similar in
wealthy and non-wealthy neighborhoods or whether the protective effect was more prominent
in neighborhoods with different levels of wealth.  Our model building approach allowed us to
determine whether there was any confounding operating between the two levels of data.  We
looked for any substantial changes in the beta and standard error estimates of the level-1




The characteristics of the 3059 women and the 29 study neighborhoods are presented
in Table 2.  The overall low birth weight rate of 13.9% is slightly higher than the overall low
birth weight rate for Baltimore of 12%.  Similarly, a higher proportion of women initiated
prenatal care late (19.2%) and were on or were pending medical assistance health insurance
(79.2%) compared to Baltimore City as a whole (45%).  
Thirty-four percent of the neighborhoods have been traditionally poor and just over
half (51.8%) never had >35% of households below poverty level.  The average number of
community groups per neighborhood was 4 with a range of 1-12 (Table 2).
Table 3 shows the variation of selected individual-level characteristics across the
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neighborhoods.  The neighborhoods are ordered by low, medium and high risk.  For some
characteristics (e.g., marital status and proportion of women with medical assistance health
insurance) there is a wide variation across the neighborhoods within the same level of risk. 
For example, the LBW rate varies from as low as 3.2% to as high as 30.4% within the
medium to high risk neighborhoods (Table 3). 
Level-1 logistic regression.  
The "best-fit" logistic regression model for individual characteristics is presented in
Table 4.  Women who had medical complications affecting pregnancy had twice the risk of
having a low birth weight infant compared to women without complications.  Being
unmarried or African-American maternal race increased the risk of low birth weight by 1.87
and 1.73, respectively.  Having medical assistance insurance was not a significant determinant
of low birth weight in our sample.  
Multi-level regression.  
Model building for multi-level logistic regression followed a systematic method.  First,
level-1 variables from the best-fit model were entered into the regression.  The direct
contributions of the neighborhood characteristics were then tested by entering the level-2
variables one at a time.  For each model, likelihood ratio tests were performed to assess the
importance of each variable and changes in beta estimates and standard errors for the
individual-level variables were observed to note any confounding effects.  Important
confounding effects were observed for race and neighborhood wealth.  Once average
neighborhood wealth was entered into the models the African-American maternal race was no
longer a statistically significant determinant of low birth weight.  The next step in the model
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building process involved the examination of moderating effects of the level-2 variables. 
Interaction terms for each of the level-1 with each of the level-2 variables were tested one at a
time as described above.  Variables were retained if they were significantly associated with
the outcome at the p<0.05 level or if the two-tailed likelihood ratio test was less than p<0.02
(60).  Three variables met the latter criteria and were considered adjustment variables.  The
resulting best-fit multi-level model for variables that were significantly associated with the
outcome are presented in Table 5.  Beta estimates and standard errors for adjustment variables
are not presented in Table 5. 
There are notable differences for the individual-level beta estimates and standard
errors for level-1 only and multi-level logistic models.  Maternal race is no longer a
significant predictor of low birth weight once the model is adjusted for neighborhood
characteristics.  The protective effect of increasing maternal education changed by 9% from
an odds of 0.93 to 0.85.  The risk of being unmarried increased two-fold from 1.87 to 4.37. 
These difference between the individual-level only and the multi-level model indicate that
there is confounding between the level-1 and level-2 variables.  
There were moderating effects of level-2 variables for four of the individual-level
factors.  Average neighborhood wealth moderated the effect of marital status on the risk of
low birth weight (see Figure 2A).  We used married wealthy women for our reference group
(OR=1.0).  Being unmarried and in a low wealth neighborhood increased the odds four-fold
compared to our reference group.  Being married in low-wealth neighborhoods yielded a
similar risk of low birth weight as for those women living in wealthy neighborhoods.  This
relation was not due to a lack of young unmarried mothers in wealthier neighborhoods as
rates of births to unmarried mothers under 18 was lower but comparable to rates seen in non-
wealthy neighborhoods. 
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The number of community groups was a moderator for the relation between maternal
education and low birth weight (see Figure 2B).  In general, women giving birth in very
organized neighborhoods (with 9 community groups) compared to 'average' organized
neighborhoods (with 4 community groups) had lower risks of having an low birth weight
infant.  Also, women with fewer years of schooling (10 years) compared to more years of
schooling (13 years) had a higher risk of low birth weight.  However, the difference in low
birth weight risk for women with low and high levels of education differed by level of
neighborhood organization.  The reduction in LBW risk for having 13 years of schooling vs.
having 10 years of schooling was quite a bit more pronounced in an 'average' organized
neighborhood compared to very organized neighborhoods (Figure 2B).  
DISCUSSION  
We began the paper by proposing a theoretically driven conceptual framework
describing the relation between residential neighborhood characteristics and adverse
pregnancy outcome.  We were able to use methods of multi-level modeling to test the
relations in this model.  Our findings indicate that neighborhood economic and political
characteristics directly influence the risk of low birth weight.  Not surprisingly high crime and
low wealth neighborhoods increase the risk of low birth weight.  The more organized the
neighborhood, the lower the risk of low birth weight.  Previous studies have shown that
"political empowerment" at the level of cities is related to improved health and pregnancy
outcomes (15).  Our study takes that notion to a more local level and shows that political
organization or "empowerment" at the neighborhood level may protect for adverse health.
We found that neighborhood economic and political characteristics moderated the
relation between individual-level risk factors and low birth weight which suggests that
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individual-level risk factors for low birth weight are influenced by the context in which they
occur.  This potentially has important policy implications.  For example, we found "birth out
of wedlock" did not confer the same risk if you lived in wealthy neighborhoods compared to
living in non-wealthy neighborhoods.  Thus, the risk of low birth weight associated with
being unmarried may have important economic and social determinants that would not be
noted if only individual level data are used. 
We also observed some confounding between level-1 and level-2 variables that occurs
when we do not have neighborhood level variables in the model.  Thus, not only do
neighborhood level variables moderate individual-level risks for low birth weight but they
also act as confounders.
Limitations of our study include the following.  First, we could not use records for all
births in our study neighborhoods because some birth certificates had missing data on key
study variables.  We did, however, look at the demographic profiles of women who did and
did not have missing data and found no significant differences.  Moreover, the large size of
our original sample allowed us to accommodate the attrition due to missing data while having
little impact upon statistical power.  We did not have information on length of residence at
current address for women in our sample.  Such information would be useful, if not
necessary, to determine whether women were actually residents of particular neighborhoods
throughout the duration of their pregnancies, the "exposure period" for our study.  Given that
we oversampled low-income women it is likely that some women in our study moved during
their pregnancies.  However, we anticipate that most movement would have been to and from
a neighborhood of similar economic and social characteristics.  Future studies of contextual
effects using primary data collection might investigate the extent of such movement during
pregnancy as well as whether migration occurs to and from neighborhoods of similar
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characteristics. 
A notable finding from our two-level model was that the significant increased risk of
LBW for African-American women compared to Whites, which was observed for both the
individual-level logistic regression model and initially in our two-level regression model, was
no longer significant once neighborhood average wealth was put into the model.  Past studies
have been unable to account for Black/White gap when "adjusting for" socioeconomic 
factors.  Previous studies, however, have usually used maternal education (51) or, more
rarely, family income (29, 52) as the adjustment variable.  As noted earlier, income
differences may not fully account for the economic differences between African Americans
and Whites (57).  This is the first study on perinatal outcomes, to our knowledge, to adjust for
differences in levels of wealth between African Americans and Whites.  Wealth or proxies for
wealth should be used in studies in the future as it is a more accurate indicator of the total
economic resources available to an individual or family. 
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Several parts of our theoretical framework were confirmed in our multi-level analysis. 
Neighborhood economic and political characteristics were important determinants of LBW
and suggests that economic and social deprivation and political empowerment or organization
may be important mechanisms that influence health.   Although indicators of the physical
environment were not associated with low birth weight in our study, future studies might
collect better indicators of urban press (e.g., noise levels, information on social areas for
gathering such as businesses or recreation centers, and levels of pollution) to determine
whether they are associated with adverse health.  The use of multi-level modelling also
facilitated the identification of a better explanatory model for LBW and the detection of
moderating and confounding effects of neighborhood level variables with individual-level
variables.
Future studies might look at other level-2 contexts (e.g., workplace characteristics) or
expand the number of levels and the capture national and internal processes that we specify in
our third level of influence (Figure 1). For example, if such models were constructed for a
larger geographic area that included several states, regional migration and employment trends
could be included as third level variables. 
Page 22
References
1. Chomitz, V, Cheung L, Liberman E: The role of lifestyle in preventing low birth
weight.  The Future of Children 1995;5:121-39.
2. Shea S.  Community health, community risks, community action.   Am J Pub Health
1992;82:785-7.
3. Schwartz S.  The fallacy of ecological fallacy: the potential misuse of a concept and
the consequences.  AJPH 1994;84:819-24.
4. Muntaner C, Anthony J, Crum R, Eaton W.  Psychosocial dimensions of work and the
risk of drug dependence among adults.  AJE 1995;142:183-190.
5. O'Campo P, Gielen A, Faden R, Xue N, Kass N, Wang MC: Violence by Male
Partners against Women during the Childbearing Year: A Contextual Analyses. AJPH,
1995;85:1092-1097.
6. Apple N, O'Brien DJ.  Neighborhood racial composition and residents' evaluation of
police performance.  Annu Police Sci and Adminis 1983;11:76-84.
7. Gates LB and Rohi WM:  Fear and reactions to crime: a revised model.  Urban Affairs
Quarterly 1987;22:425-53.
8. Smith DA, Jarjoura GR.  Household characteristics, neighborhood composition and
victimization risk.  Social Forces 1989;68:621-40.
9. Garner CL, Raudenbush SW:   Neighborhood effects on educational attainment:  a
multilevel analysis.  Sociology of Edu 1991;64:251-62.
10. Zapata BC, Rebolledo A, Atalah E, et al.  The influence of social and political violence
on the risk of pregnancy complications.  AJPH 1992;82:685-90.
Page 23
11. Worden J, Flynn B, Solomon L, et al.  A community-wide breast self-exam education
program.  In: Advances in cancer control: the war on cancer-15 years of progress. 
New York: Liss 1987:27-37.
12. Pentz M, Dwyer J., Mackinnon D., Flay B., Hansen., et al: A multi-community trial
for primary prevention of adolescent drug abuse. Effect on drug use prevalence. J Am
Med Assoc. 1989 261:3259-66.
13. Brewster KL.  Race differences in sexual activity among adolescent women: the role
of neighborhood characteristics.  Am Soc Rev 1994;59:408-24.
14. Brooks-Gunn J, Duncan GJ, Klebanov PK, et al.  Do neighborhoods influence child
and adolescent development?  AJS 1993;99:353-95.
15. Laveist TA.  Segregation, poverty, and empowerment: health consequences for
African Americans.  Milbank Quarterly 1993;71(1):41-65.
16. Crane J.  The epidemic theory of ghettos and neighborhood effects on dropping out
and teenage childbearing.  AJS 1991;96:1226-59.
17. DiPrete TA,  Forristal JD.  Multilevel models: methods and substance.  Annu. Rev.
Social. 1994;20:331-57.
18. Diggle P, Liang KY, Zeger S.  Analysis of longitudinal data.  Oxford.  Oxford
University Press, 1994.
19 Huttner H, Eeden P. The Multilevel Design. Wesport, Connecticut: Greenwood Press,
1995.
20. Kreft I. Introduction to the Issue. Special Issue on Heirarchical Linear Models. Journal
of Educational and Behavioral Statistics 1995;20:109-114.
Page 24
21. Connell J, Aber J, Walker G.  How do urban communities affect youth? Using social
science research to inform the design and evaluation of comprehensive community
initiatives.  In: New Approaches to Evaluating Community Initiatives. 1995 
22. Tienda M.  Poor people and poor places: deciphering neighbohood effects on poverty
outcomes. In: J. Huber ed.  Marco-micro linkages in sociology.  Newbury Park, CA:
Sage Publications.
23. Litva A. Eyles J.  Coming out: exposing social theory in medical geography.  Health &
Place 1995;1(1):5-14.
24. Henderson JV.   Urban development: theory, fact, and illusion.  New York:  Oxford
University Press, 1988.
25. McCormick M: Trends in rates of low birth weight in the United States.  In: Berendes
H, Kessel S, Yaffe S.  Advances in the Prevention of Low Birthweight: An
International Symposium. Washington D.C.: National Center for Education in
Maternal and Child Health, 1991.  
26. Strobino D, O'Campo P, Schoendorf K, et al.  A strategic framework for the reduction
of infant mortality: implications for healthy start.  Milbank Quarterly 1995;73:507-33.
27. Alexander G, Korenbrot C.  The role of prenatal care in preventing low birth weight:
the future of children 1995;5:103-21.
28. Rebagliato M, duFlorez C, Bolumar F. Exposure to environmental tobacco smoke in
nonsmoking pregnant women in relation to birth weight.  AJE, 1995;142:531-537.
29. Starfield B, Shapiro S, Weiss J, et al.  Race, family income, and low birth weight.  Am
J Epidemiol 1991;134:1167-74.
30. Kempe A, Wise PH, Barkan SE, et al.   Clinical determinants of the racial disparity in
very low birth weight.  N Engl J Med 1992;327:969-73.
Page 25
31. Gottdiener M.  The social production of urban space.  Austin, TX: University of Texas
Press, Second Edition, 1994.
32. Jones K, Duncan C.  Individuals and their ecologies: analyzing the geography of
chronic illness within a multilevel modeling framework.  Health & Place
1995;1(1):27-40.
33. Perkins DD, Meeks JW, Taylor RB.  The physical environment of street blocks and
resident perceptions of crime and disorder: implications for theory and measurement. 
J Environ Psychol 1992;12:21-34.
34. Gordon L.  Pitied but not entitled: single mothers and the history of welfare. 
Cambridge, MA:  Harvard Univ Press, 1995.
35. Krieger N, Fee E.  Social class: the missing link in U.S. health data.  Int J Health
Services 1994;24:25-44.
36 Levitan SA, Gallo F,  Shapiro I.  Working but poor: America’s contradiction. 
Baltimore, MD:  Johns Hopkins Univ Press, Revised, 1993.
37. Carstairs V, Morris R.  Deprivation and mortality:  an alternative to social class? 
Community Med 1989;11:210-19.
38. Link BG.  Social conditions as fundamental causes of disease.  J Health and Soc
Behav, (Extra Issue) 1995:80-94.
39. Aneshensel CS.  Social stress: theory and research.  Annu Rev Soc 1992;18:15-38.
40. Pearlin L.  The social contexts of stress.  In:  Golberger L and Breznitz S. eds. 
Handbook of stress: theoretical and clincial aspects, 2nd ed.  New York: Free Press,
1993:303-16.
41. Graig E.  Stress as a consequence of the urban physical environment.  In:  Golberger
L, Breznitz S. eds.  Handbook of Stress: Theoretical and Clincial Aspects, 2nd ed.  
Page 26
New York: Free Press, 1993:333-42.
Page 27
42. Evans G, Hygge S, Bullinger M. Chronic Noise and Psychological Stress. 
Psychological Science 1995;6:333-338
43. Flemming I, Baum A, Weiss L:  Social density and preceived control as mediators of
crowding stress in high-density residential neighborhoods.  J Personal and Soc
Psychol, 1987;52:889-906.
44. Cottrel L. The competent community. In:  Kaplan B, Wilson R, Leighton A, eds. 
Further Explorations in Social Psychiatry. New York: Basic Books.
45. Iscoe I.  Community psychology and the competent community.  Am Psychol
1974;29:607-13.
46. Castells M.  High technology, economic restructuring and the urban-regional process
in the United States.  In: Castells M (Ed).  High technology, space, and society. 
Beverly Hills, CA: Sage, 1985.
47. Frisbee PW, Kasarda J:  Spatial Processes.  In Handbook of Sociology, Smelser N Ed.
Newbury Park: Sage, 1988.
48. Squires GD.  Capital and communities in black and white: the intersections of race,
class, and uneven development.  New York, NY: State University of New York Press,
1994.
49. Hanson S, Pratt G.  Gender, work, and space.  New York, NY:  Routledge, 1994.
50. Singh G., Yu S: Infant mortality in the United States: Trends, differentials, and
projections, 1950-2010.  AJPH 1995;85:949-57.
51. Schoendorf KC, Hogue CJR, Kleinman JC, et al.   Mortality among infants of black as
compared with white college-educated parents.  N Engl J Med 1992;326:1522-6.
52. Collins J, Hammond N.  Relation of maternal race to the risk of preerm, non-low birth
weight infants: a population study.  AJE 1996;143:333-8. 
Page 28
Page 29
53. Polednak A.   Black-white differences in infant mortality in 38 standard metroppolital
statistical areas.  AJPH 1991;81:1480-2.
54. Muntaner C, Nieto FJ, O'Campo P.  The bell curve: on race, social class and
epidemiologic research.  Am J Epidemiol (in press).
55. Krieger N.  Overcoming the absence of socioeconomic data in medical records:
validation and application of a census-based methodology.  Am J Public Health
1992;82:703-10.
56. Von Korff M, Koepsell T, Curry S, et al.  Multi-level analysis in epidemiologic
research on health behaviors and outcomes.   Am J Epidemiol 1992;135:1077-82.
57. Oliver M, Sharpiro T.  Race, wealth and inequality in America.  Poverty and Race
Research Action 1995;4:1-4.
58. Coulton C, Pandey S.  Geographic concentration of poverty and risk to children in
urban neighborhoods. Am Behavi Sci 1991;35:238-57.
59. Wilson W.  The Truly Disadvantaged: The inner city, the underclass, and public
policy. chicago: University of Chicoago Press. 1987.
60. Multi-level Models Project. Institute of Education, University of London. 1994. 
